In this work, the correctness of a nonlocal problem from the Sobolev spaces is proven under some restrictions to the coefficients of the considered second order mixed type equation of the second kind. The proof is accomplished with multiple methods namely, "ε-regularization", priory estimates, and the Galerkin method.
INTRODUCTION
The basic concepts of the theory of differential equations in partial derivatives were formed in the study of classical problems of mathematical physics and are currently well understood. However, the current problems of natural sciences lead to the necessity of setting and qualitatively studying new tasks, which is a striking example of a class of nonlocal problems.
As nonlocal problems we call such problems that determine relationships between the value of the solution or its derivatives at the boundary and interior points of a considered domain. In recent decades, nonlocal problems for partial differential equations are being actively studied by many mathematicians.
Among the first studies of non-local problems, we note a work by Bitsadze and Samarskii [4] . In this work, spatial and non-local problems for a certain class of elliptic equations were formulated and studied, which led to the study of non-self-adjoint spectral problems. Subsequently, the problem formulated in [4] , has been named a BitsadzeSamarskii problem.
The investigation of nonlocal problems is caused by both theoretical interest and practical necessity. This is due to the fact that the mathematical models of various physical, chemical, biological, and ecological processes are often problems in which, instead of the classical boundary conditions, definite connection values of the unknown function (or its derivatives) on and within the boundary are given. Problems of this type may arise in the study of phenomena related to plasma physics, the spread of heat, the process of moisture transfer in capillary porous media issues, demographics, mathematical biology, and some technological processes. Nonlocal problems also have practical value in solving the problems of solid mechanics. They allow to control the stress-strain state and these are similar to the control tasks [4, 8-12, 16, 17, 19] .
For the first time, non-local problems in certain weight and negative spaces for equations of mixed type were investigated by functional methods in the works [1, 6, 8, 10, 11, 17] . 
FORMULATION OF A PROBLEM
In the previous works [6, 7, 11, 17 ] the correctness of problem Eqs. (1)- (3) in the case where ( , 0) ( , ) 0 K x K x T   was proven under comparatively strong conditions to the coefficients of Eq. (1). In the present work, we consider the case where,
Note that Eq. (1) 
UNIQUENESS FOR PROBLEM Theorem 1:
Let aforementioned conditions to the coefficients of Eq. (1) are fulfilled, moreover let 1 2 2 0; 0  is an integer number and it is known that at 0 , 13-15] . Here, and further, by m we designate positive constants, the exact values of which are not of interest.
Proof:
For any function
, one can easily get the following equality by using integration by parts: (2)- (3), on condition that Theorem 1, with respect to function ( , ) K x t , must meet the condition of ( , 0) 0
. With respect to function ( , ) c x t , the periodicity of variables t and 2 T e    satisfy conditions Eqs. (2)- (3), thereby leading to positivity of the following boundary integral.
x T e c x u x dx u t u t u t u t dt
Omitting non-positive items from Eq. (4) we get
Applying Young's inequality to Eq. (5) [5, 13, 14] the following estimate is obtained
from which the uniqueness of the solution of problem Eqs. (1)- (3) follows.
EXISTENCE FOR PROBLEM
In order to prove the existence of the solution of problem in Eqs. (1)- (3) in 2 2 ( ) W Q the "ε-regularization" method is used with the Galerkin method [7, [13] [14] [15] . Consider a nonlocal problem for a composite type equation
 is a small positive number, and
Eq. (6) acts as an  -regularization of Eq. (1) [5, 7, 13, 14] . The class of functions 2 2 ( , ) ( )
are designated through V , satisfying conditions in Eqs.
(7), (8).
Definition:
As the regular solution of problem in Eqs. (6)- (8), function ( , ) u x t V   satisfies Eq. (6).
Theorem 2:
Let the following conditions holds true in Q :
Then for any function
there exists a unique regular solution of problem in Eqs. (6)- (8) and the following inequalities are true:
The proof of inequality I) will be done similarly to the proof of Theorem 1, from which the uniqueness of the regular solution of problem in Eqs. (6)- (8) follows. Now, the second prior estimate is proven.
Let ( , ) j x t  are eigenfunctions of the following problem:
Due to the general theory of linear self-adjoint elliptic operators [2, 13, 15] , it is known that all eigenfunctions of problem in Eqs. (9)-(11) form a fundamental system in ( ) C Q  , which is orthogonal in 2 ( ) L Q . Solving problems in Eqs. (9)- (11), is ( , ) cos sin
2 ; ; ; 0,1, 2,... 
The unique solvability of the algebraic system in Eq. (16) is proven. Multiplying every equation of (16) by 2 j c and summarizing with respect to j from 1 to N , considering problem in Eqs. (9)- (13) 
From which, by virtue of Theorem 2, by integrating the identity in Eq. (17) an approximate solution of problem in Eqs. (6)- (8) is obtained that estimates I) i.e. 
This implies the solvability of Eq. (16) [6, 8, 13, 14] . In particular, from the estimate I) we obtain a weak solution of problem in Eqs. (6)- (8) .
Now the second priory estimate II) must be proven. Thanks to Eqs. (9)- (13), from the identity in Eq. (16) comes
Multiplying each equation of (18) 
Integrating Eq. (19) according to the conditions of Theorem 2 and the boundary conditions in Eqs. (14)- (15), we obtain the following inequality 
Theorem 2 is thus proven. Now using the method of "ε-regularization" the solvability of Eqs. (1)- (3) is proven.
Theorem 3:
Let all conditions of Theorem 2 be fulfilled. Then the generalized solution of the problem from 2 2 ( ) W Q exists and is unique.
Proof:
The uniqueness of the solution of problem in Eqs. (1) 
SMOOTHNESS OF THE SOLUTION
Now, the more general case of 3 l… must be proven. Further, the coefficients of Eq. (1) are assumed to be infinitely differentiable in a closed domain Q .
Theorem 4:
Let the conditions of Theorem 3 be fulfilled and let 2( ) 0
CONCLUSION
Solvability of the problem considered can be formulated in the terms of smoothness of K (x, t) in the case where, ( , 0) 0 ( , ) K x K x T   . In this the second kind of mixed type equation studied, since there is no restriction inside the domain. Under the assumption that the coefficients of the equation are smooth enough and ( , ), ( , )
x t c x t  are periodic with respect to variable t .
